Objective: We aimed to evaluate the most common causes of moderate and severe head injury at age 3 and younger.
Introduction
Traumatic brain injury (TBI) is the dominant cause of death (40% of fatal accidents) and morbidity in the pediatric population (1) (2) (3) . An American study reported that 200-300/100,000 children experienced traumatic brain injuries annually (10% fatal) (4) .
Childhood head injuries are caused by motor vehicle accidents (occupant or pedestrian), falls, walking-chair accidents, pulling/rolling objects (televisions and cupboards) on to oneself, bicycle accidents, being hit by projectile toys, and being dropped by a caretaker (3, 5, 6) .
Head injuries are classified as mild, moderate, or severe according to the severity of trauma, accounting for approximately 90.4%, 9%, and 0.6% of the injuries, respectively (5) . In children younger than 36 months, the most common cause of head injury is falls (75%) (7) .
The data obtained from larger studies are needed for children younger than 3 years of age. Data are limited in terms of etiology and prognostic predictors in moderate/severe trauma because the literature focuses on inflicted/nonaccidental head injuries (8) (9) (10) (11) (12) (13) (14) (15) (16) .
We aimed to analyze etiological, clinical, historical (data collected during time elapsed since injury; seizure, physiological shock, anisocoria, early sedation/intubation), and radiological predictors/findings leading to surgical or conservative treatment while consulting other related disciplines for safe recovery.
Methods
Our study design included children under 3 years of age with Glasgow Coma Scale (modified for children) score of less than 13 at inpatient admission, focal neurological signs, penetrating injury, depressed skull fracture, high-energy trauma, prolonged lethargy/irritability/vomiting with linear fracture, and infants with massive scalp hematoma. Mild head injuries (GCS: were not included in this study. Also excluded were children who died during acute admission or whose primary injury was not neurosurgical.
We retrospectively analyzed the clinical data of 131 children younger than 3 years (mean age 20.83 months, range 2 days-36 months) admitted to the emergency department for moderate head injury (GCS:13-9) and 26 children younger than 3 years (mean age 23.69 months, range 4-36 months) admitted to our intensive care unit for severe head injury (GCS: between June 2001 and December 2008.
After first examination, our decision to hospitalize the children was based on CT findings and neurological deterioration.
Radiological data, fractures/hematoma/edema as evidence of moderate or severe head injury was repeated after 3 hours.
The cause of trauma was obtained from the medical records and parents'/witnesses' reports. The presenting symptoms on admission, age, gender, cause of trauma, length of hospitalization, computed tomography (CT) findings, surgery, additional injuries requiring consultation by other surgical disciplines, postoperative and late complications, and mortality were also noted.
Results
Information was collected on 157 head-injured children under (Table 1) .
Trauma Etiology
The etiology of the trauma changed according to age. Thus we grouped the patients by their ages into 6-month periods. The largest age group was 7-12 months (n=35, 26.7%) for the moderate head injury group and 19-24 months (n=9, 34.6%) for the severe head injury group.
Overall 66.8% (n=105) of the patients were male, although the gender dominance varied with age ( Table 1 ). The moderate head injury group comprised 86 males and 45 females and the Table 2 ).
The injury causes by age and gender are displayed in Table   2 . Overall, in the moderate head injury group, the major cause of head injury was falls 87% (n=114). Among falls, the most common type was a fall from 1-2 m (n=61/131, 46.5%). The largest age group was 7-12 months (n=35) and male dominance (30 males vs. five females) was significant (p<0.05) ( Table 2 ).
In the severe head injury group, the most common cause of head injury was motor vehicle accident (n=15; 57.6%) and most were in the 19-24-month age group (n=9/26, 34.6%) ( Table 2) .
Hospital Stay
The mean duration of hospitalization was 3.62 (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] days and 6.91 (range 1-21) days in the moderate and severe head injury groups, respectively.
Symptomology
The most common symptom in our moderate head injury series was lethargy/change in consciousness (n=127, 97%), followed by vomiting (n=72, 55%), scalp swelling/bruising/bleeding (n=68, 52%), otorrhagia (n=18, 13.8%), periorbital edema (n=16, 12.3%), seizures (n=10, 7.6%), and apnea (n=3, 2.3%). In the severe head injury group, all of the patients had deterioration of consciousness, followed by scalp swelling/bruising/bleeding (n=14, 51.8%), periorbital edema (n=5, 18.5%), apnea (n=5, 18.5%), seizures (n=5, 18.5%), cardiopulmonary arrest (n=3, 11%), and otorrhagia (n=3, 11%).
Radiological Findings
The most common radiological finding in the moderate head (Table 3 ).
In the severe head injury group, there were 13 linear fractures, 6 multiple fractures, 5 basal fractures, and 2 diastatic fractures. Considering hematomas, the most common was subdural hematoma (n=10, 6 operated on), followed by epidural hematoma (n=8, 5 operated on), subarachnoid hemorrhage (n=5), intracerebral hematoma (n=2), and intraventricular hematoma (n=2), plus cerebral edema (n=5), axonal injury (n=3), and pneumocephalus (n=3) ( Table 3) . (Table 4) . 
Discussion
This study examined the epidemiology of moderate and severe head injury in hospitalized children younger than 3 years. The records of all children under 3 years of age who were hospitalized with a head injury over a 7-year period were examined retrospectively.
Crowe et al. stated that the highest rate of moderate head injury under 3 years of age was at 0-6 months, and 23% were caused by fall from the caregiver's arms (5). Margulies et al.
proposed that in the first 6 months of life, the infant skull has a limited ability to resist or absorb energy from trauma (18) . In our series, in the moderate head injury group the highest rate was at 7-12 months, the most common cause being falls from beds or stairs. In the severe head injury group, it was at 19-24 months, with the most common cause being falls from high stairs or balconies.
Demographically, Crowe et al. found that the gender distribution was fairly equal in the younger age group, whereas males predominated in 24-36-month-old children with mild, moderate, and severe head injuries under 3 years of age (5). We found a female dominance at 0-6 and 25-30 months in the moderate head injury group (not significant, p>0.1). All the other age groups showed male dominance, which was significantly six-fold greater in the 7-12 month age group (p<0.05). In severe head injury, male dominance was seen in all age groups; the greatest majority of males being in the 19-24 months age group (not significant, p>0.1).
Falls were the major cause of moderate head injuries in many studies (most frequent falls from cradles, couches, beds, changing tables, kitchen tables and benches, stools, top-bunks, highchairs, shopping trolleys, balconies, stairs, windows, and walls) (10, 14, 16, 17) . Some of the causes of these moderate head injuries (falls from furniture and pulling heavy objects of balconies in buildings (the barrier height should be at least 90 cm) are insufficient and controls are inadequate, so falls from balconies remain a threat to child safety in Turkey, especially in the younger age group (<5 years of age) (6) .
Radiological Findings
In clinical practice, cranial computed tomography is the gold (Table 4 ).
In pediatric falls from heights, several authors have reported multi-organ trauma, including trauma to the extremities (14.5%), abdomen (2-9%), pelvis (2%), and spine (0.7%) (6, 19, 22) . In our series, the moderate head injury group included three extremity fractures, two cases of maxillofacial trauma, and one finger amputation. The severe head injury group included five cases of hemo/pneumothorax, three extremity fractures, three lung contusions, six intra-abdominal hemorrhages, one spinal cord injury, and one foreign object in the eye and a palpebral cut.
The reported mortality rate due to head injury in children is 2-4% (23, 24) . Some authors report a direct relationship between falls from >2 m and mortality (6, 25) . Agalar et al.
reported a significant relationship between the Injury Severity Score, age, fall height, and mortality (26) . In our moderate head injury group, two deaths occurred: one from severe brain edema giving rise to status epilepticus, and one bilateral epidural hematoma resulting in cardiopulmonary arrest during surgery. In the severe head injury group, two multiple trauma patients from motor vehicle accidents (one pedestrian and one occupant) died on the day of admission. A patient who fell from a fifth-floor balcony died from cerebral edema 20 days after admission.
Conclusion
Head injury in children younger than 3 years of age is frequent and is a major cause of childhood disability. Typically, these injuries are caused by falls from 1-2 m. Moderate head trauma caused by falls was most frequent in children age 7-12 months, while severe head trauma caused by motor vehicle accidents was most common in children age 19-24 months. There were no reports regarding inflicted trauma or child abuse in our series. However, doctors should warn family caregivers to observe crawlers and toddlers closely. In addition, in cases with inconsistent explanations and conflicting findings related to the reported trauma, clinicians should suspect poor parental care or child abuse.
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